We analyzed the effect of the shrimp fishery on Magellanic Penguins (Spheniscus magellunicus) in two ways: (1) we determined whether penguins were incidentally killed and the magnitude of incidental take, and (2) estimated the overlap between penguin diet and fish by-catch of the shrimp fishery (total capture excluding shrimp and seabirds). We worked with the fishing fleet operating at Golfo San Jorge with onboard observers over 200 days in 1995-1997, sampling fishery by-catch and entangled birds. Penguins were affected during the austral summer. Estimations of mortality rates showed 0.33% of the breeding population at Golfo San Jorge is incidentally killed by the shrimp fishery every summer. By-catch in shrimp fishery nets was composed of species important as penguin prey (anchovy and hake) in higher proportions during summer. The daily by-catch of these species was higher than the total calculated daily intake for all penguins breeding in the Golfo San Jorge. This could have a significant effect on birds. We recommend that an observer program be implemented to monitor seabird mortality and that fishing gear should be improved to reduce the indirect effect of the fish by-catch on penguins.
INTRODUCTION
1980s caused considerable concern among con- shrimp fishery (total capture excluding shrimp and entangled seabirds).
Many

METHODS
DATA COLLECTION
Double-beam trawlers are the only vessels authorized to fish for shrimp in the Golfo San Jorge, Argentina (Santa Cruz Fishing Agency, pers. comm.). Each vessel has two bottom nets, each lo-15 m long and 0.5-1.2 m high. Provincial regulations stipulate that trawling should only occur during the day and that the maximum number of vessels in the fishery should be no more than 60. The fleet fishes mainly in the southern section of the Golfo San Jorge during the summer, in both southern and northern areas in autumn, and in northern areas in the winter. During the spring, the vessels return to the south where there is a variable-limit protected area ("closure") to protect juvenile shrimp (Fig. 1) . Fishing effort was measured as "effective days of fishing," which we defined as one day of fishing by one vessel. We have official effort data for 34 vessels operating in the study area during summer. Total effective days of fishing were estimated for the whole fleet (60 vessels), based on the monthly rate of effective fishing days of the 34 known vessels divided by the total number of possible fishing days by month. Each monthly rate was then applied to the total fleet.
We worked with on-board observers who sampled the whole Golfo San Jorge region over 200 days. Sampling was subdivided into 120 days during summer and 80 days during fall in 1995, 1996, and 1997. Observers sampled 10 kg of by-catch from 29 tows chosen randomly during 1996 and 1997. Observer data were complemented by information from vessel logbooks which include daily catch by species and the geographic position of the vessel. After each tow, the two codends were emptied and all organisms were sorted by species. The weight in kg for each tow of shrimp were weighed by the crew, and total weight of by-catch by species was measured by the observer.
Seabirds caught and samples of by-catch were frozen on board (-20°C) and later analyzed in the laboratory. All sampled organisms were sorted by species weighed, and total body length was measured. Occasional species such as starfishes, urchins, scallops, polychaeta, etc. of each tow were discarded from the analysis.
ANALYSIS OF DIET SAMPLES
Each penguin was sexed during dissection and stomachs were weighed on an electronic balance to 0.01 g. Stomach contents were first weighed and then sorted into different components. The sorting method involved spreading stomach contents into large trays to be sorted into fragments of fish, squid, crustaceans, and nonfood items.
We identified different prey items using whole animals, skeletons, various distinct bones from the head, otoliths, scales, and cephalopod beaks. When fractions were not recognizable, we categorized them as "not identifiable."
Cephalopods were identified by examination of the lower beaks which vary in the morphology according to Order, Family, and Genus (Clarke 1986, Pineda et al. 1996) . Beaks from Octopoda and Sepioidea were recognized by their pigmentation (Pineda et al. 1996) , and we distinguished the two families of commerciallyexploited Ommastrephidae and Loliginidae following Clarke (1986). Size of the squid was assessed from the lower beak by measuring rostra1 length and using the relationship between rostra1 length and the mantle length to estimate the original prey size (Pineda et al. 1996) . We iden-tified crustaceans by comparison with specimens from our own collection.
We identified fish by comparison with dissected specimens from our own collection, following identification guides (Menni et al. 1984 The importance by mass of each prey species was calculated as the percent mass of the prey item in the total sample mass. We also estimated the frequency of occurrence as the percentage of samples in which the prey item was found. To differentiate between recently consumed and accumulated fractions, the following criteria were used: any crustacean remains were considered to have been ingested during the last meal. For cephalopods, only whole animals or tentacles were included in the last meal and loose beaks were considered as accumulated items. For small fishes, the estimation was made by counting whole animals or entire skeletons. Otoliths or heads were considered as having been ingested within the last 24 hr (Wilson et al. 1985) . For big fishes, we considered only whole animals as having been ingested in the last meal.
The degree of diet overlap "ct" was measured using the formulae of MacArthur and Levins (1967), OLij = Zpip~pi and oji = zpipjap,*, where ' Yij is the overlap of penguin diet (j) with bycatch (i), oji is the overlap of by-catch (i) on penguin diet (j), and pi is the unweighted use of a particular resource category by species i relative to its use of the other categories of that resource. Values of (Y varies from 0 (no overlap) to 1 (complete overlap) and may exceed 1 if niche widths are unequal (Hespenheide 1982). We also compared total body length of species shared in penguin diet and fishery by-catch.
We estimated the mean mass of stomach contents and compared the sexes. To estimate meal size, we used stomachs with more than 50 g of content.
Values presented are means +-SD; P-values < 0.05 are considered significant. We compared mean mass of the stomach contents between males and females and body sizes of penguin prey items and by-catch using Mann-Whitney U-tests. Other statistical tests are identified as they appear. (Table 1) . Cnidaria, starfish, sea urchins, scallops, polychaeta, skates, and sharks appeared infrequently, representing less than 3% of total by-catch biomass. By-catch was more diverse than the seabird diet, which did not include benthic groups such as Brachyura.
RESULTS
BY-CATCH COMPOSITION
We divided the hake by-catch into groups corresponding to commercial and noncommercial sizes. The mean body length of noncommercial hake (n = 211) was 25.3 ? 7.6 cm, weighing 167.6 ? 235.9 g, and 41.27 ? 3.29 cm, weighing 581.7 + 347.6 g for commercial individuals (n = 80). Pooling all data (n = 291), mean body length was 29.69 5 9.78 cm. The mean body length for anchovy was 14.9 ? 1.7 cm with a maximum length of 27.4 cm and a minimum of 12.4 cm (n = 153).
Tow median by-catch biomass was 5,500 +-3,740 kg, which means that 27,500 5 18,700 kg is discarded daily per vessel, given that each vessel makes on average five tows (4.7 -t 1.3; n = 44). If 5% of by-catch biomass is comprised of anchovy (Table l) , each vessel catches approximately 1,375 kg of anchovy per day. For hake, the proportion of by-catch biomass is 89% (Table l) (Table 1) . Anchovy also was the most important prey by weight, followed by hake, squid, and crustaceans (Table 1) . The squid fraction of the diet was more important by frequency than by weight (Table 1) . The mean body length for predated anchovy was 14.46 ? 2.02 cm (range 18.64-7.42 cm, 12 = 187). The mean body length for predated hake was estimated to be 16.13 + 3.70 cm with a maximum of 33.04 cm and a minimum of 8.92 cm (n = 122). All hake correspond to juveniles belonging to noncommercial sizes (length < 37.35 cm) (Simonazzi y Otero 1986). The an- Fig. 3) . Length of predated hake in by-catch were significantly larger than those taken by penguins (MannWhitney U-test, U = 3,679, P < 0.001).
The estimated dorsal mantle length from 17 Patagonian squid beaks was 22.7 + 6.2 cm. Most crustaceans in the samples were Patagonian prawn (n = 5), but in one case we found lobster krill (Table l) , a new prey species for Magellanic Penguins. The crustacean fraction was not very major in the overall penguin diet (Table l) , but in some cases the whole stomach content corresponded to this prey.
The mean meal size was estimated as 318.9 
